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' The symmetry of the superconducting states arising directly from the ferromagnetic states in crys- 

tals with cubic and orthorombic symmetries is described. The symmetry nodes in the quasiparticle 
spectra of such states are pointed out if they exist. 
' The superconducting phase transition in the ferromagnet is accompanied by the formation of 

superconducting domain structure consisting of complex conjugate states imposed on the ferromagnet 
domain structure with the opposite direction of the magnetization in the adjacent domains. 
' The interplay between stimulation of a nonunitary superconducting state by the ferromagnetic 

moment and supression of superconductivity by the diamagnetic orbital currents is established. 
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Ph' I. INTRODUCTION 

^ ' A new class of superconducting materials has been revealed very recently where the superconducting state ap- 

pears from another ordered state of the material - namely ferromagnetic state. There are now several meta 
^ I compoupds demonstrating the coexistance of superconductivity and itinerant ferromagnetism. These are UGeJ^ 

1 , ZrZn2U, URhGea. The superconducting states in these materials hava,to be preferably spin triplet to avoid the large 
^5 depairing influence of the exchange field. Moreover it seems reasonableB that these are the states where only electrons 
Q with the spin down direction of the spins are paired, as is the case in the ^i-phase of superfluid He-3EI. Then the 
^ interaction between ferromagnetic and Cooper pair magnetic moments will stimulate the superconducting state. The 
'— explanation of the phase diagram of ZrZn-i based on this idea has been proposecfl At first sight it seems plausible 

becouse ZrZn2 has a cubic cristallinc structure allowing multicomponent unconventional superconducting states with 
spontaneous magnetization. On the contrary the first discovered ferromagnet-superconductor U Ge^ has an orthorom- 
i bic structure. The orthorombic point group obeys only one-dimensional representations that prevents the formation of 
\^ ' a superconducting state with spontaneous magnetizatiortin the crystals with strong spin-jorbital coupling as a result 
Cn| of a spontaneous phase transition from the normal statea. However LFomin has recentlyo shown that the magnetic 
' superconducting phases may arise from the normal ferromagnet state even in the orthorombic crystal with strong 
[ spin-orbital coupling . It means that in this case the stimulation of the superconductivity by the ferromagnetism also 
takes place. 

The goal of this article is to present the detailed analysis of the problem of interaction of triplet pairing superconduc- 
. tivity with magnetization in the ferromagnetic metals. To investigate this problem one must first have the symmetry 
classification scheme for the superconducting states arising from the ferromagnetic normal state. The point is that 
the classification of uncaovpational superconducting states arising from a nonmagnetic normal state, that has been 
'■^ ' established in the papersE3 IIj, does not include the new ferromagnet - superconducting states arising from the normal 
^ , state with broken time reversal symmetry. So, the discussion of interplay of the stimulation of superconductivity by the 
O ■ ferromagnetism of itinerant electrons and the supression of superconductivity by diamagnetic currents is forestalled by 
the symmetry classification of possible triplet superconducting states arising directly from a normal ferromagnet state 
in crystals with an inversion centre. All superconducting magnetic classes in the crystals with orthorombic (Section 2) 
and cubic symmetry (Section 3) are described and the corresponding superconducting order parameters are presented. 
The existing symmetry nodes in the spectra of the elementary exitations are pointed out. 
' It is shown that in the superconducting state the ferromagnetic domain structure with opposite direction of mag- 
netization in the adjacent domains causes the appearence of the superconducting domain structure with the complex 
conjugate order parameters and the opposite directions of the Cooper pair magnetic moments. 
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II. SUPERCONDUCTIVITY IN THE FERROMAGNET ORTHOROMBIC METALS 



A. Superconducting states 

Let us consider first a ferromagnetic orthorombic crystal with spontaneous magnetization along one of the symmetry 
axis of the second order chosen as the ^-direction. The symmetry group 

G = Af X U{1) (1) 

consists of the so called magnetic class0 M and the group of the gauge transformations U{1). Any magnetic su- 
perconducting state arising directly from this normal state corresponds to the one of the subgroups of the group G 
characterized by broken gauge symmetry. In the given case M is equal to 1)2(^1) — {E, C|, i?Cf , i?C|), where R is 
the time reversal operation. Let us look first on the subgroups of G being isomorphic to the initial magnetic group 
D2(C|) and constructed by means of combining its elements with phase factor e*'^ being an element of the group of 
the gauge transformations C/(l). The explicit form of these classes are 

D2{Gi)^{E,G^,RG^,RCy), (2) 

D2{Gi) = (E, G^,RG^e'\RGy,en, (3) 
D2{E) = {E, Qe^-, e", (4) 

D^iE) = (E, C|e^^ RG^^RG^^en- (5) 

The superconducting states are characterized by broken gauge symmetry. At the same time the phase transition 
from the normal paramagnetic state with symmetry D2 x U{1) to the normal ferromagnetic state with symmetry 
£'2(C|) X C/(l) obeys this symmetry. That is why the phase transition from a normal paramagnetic state to a normal 
ferromagnetic state and from a normal ferromagnetic state to a superconducting ferromagnetic state can not have 
the same origine contrary to the statement in the papeJj. As a result the corresponding phase transition lines may 
intersect each other only accidentally in isolated points in the (P, T) plane. In particular there is no reason for the 
coincidence of these lines exactly in the quantum critical point at T=0. In the existing orthorombic compound UGe2 
the ferromagnetism and superconductivity at T = disappear simultaneously above the critical pressure aUout 17.6 
kbar, the low temperature part of para-ferro phase transition near this pressure is however of the first orderB. 

To each of the superconducting magnetic classes corresponds an order parameter. All these vector (triplet) order 
parameters in the crystal with inversion center and strong spin-orbital coupling have the form 

d(R,k) = r;(R)*(k), (6) 

* (k) = i/. (k) + y /, (k) + z/, (k) , (7) 

where z are the unit vectors of the spin coordinate system pinned to the crystal axes and fxC^), ■ ■ ■ are the odd 
functions of momentum directions of pairing particles on the Fermi surface. Functions '4'(k) for each superconducting 
state obey a normalization condition 

(**(k)*(k))=l, (8) 

where the angular brackets denote the averaging over k directions . I-I 

The general form of the order parameters for the states have been pointed out in the papeiu. We write them 

here in somethat different form: 

\I/^i(k) — x{kxuf^ + ikyU2^) + y{kyU^^ + ikxU^^) + z{kzU'^^ + ikxkyk^UQ^), (9) 

■^^^{\i)^ii{ikxU^^ +kyU^^)+j{lkyU^^ +kxUi^)+2{ik,U^^ +kxkyk,U^^), (lO) 
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(k) 



x^/c^ii^ ^ ^kj;kyk2^u^ ~|~ y(^zk^'u^ ^ ~\~ k^kyk^u^ ^) z(^kx'Uj^ ^ ~t~ zkyiiQ 



(11) 



yi{ikzU^ " + kxkykzU2'^) + y{k. 



'zU^ ^ ^ i^xkykzU^^) i[ikxUr^^ -\- kyUQ^) , 



(12) 



where m^, . . . are real functions of k'^,ky,k-^. It is worth noting that the state ^''^^ transforms as i^E'^^i* and the state 
^f^^ transforms as i^^^*. 

From the expressions for the order parameters one can conclude that the states A and B have in general no 

symmetry nodes in the quasiparticle spectrum. Only occasional nodes appear for a particular form of the functions 

The classification of the states in quantum mechanics corresponds to the general statement by E.Wigner that the 
different eigenvalues are related to the sets of eigenstates belonging to the different irreducible representations of 
the group of symmetry of the hamiltonian. In particular, in absence of the time inversion symmetry violation, the 
superconducting states relating to the nonequivalent irreducible representations of the point symmetry group of crystal 
obey the different critical temperatures. Similarly the eigenstates of the particles in-the ferromagnetic crystals are 
classified in accordance with corepresentations F of magnetic group M of the crystaltil. The latter differ from usual 
representations by the law of multiplication of matrices of representation which is T{gi)T(g2) = T{gig2) for elements 
91,92 of group M if element gi does not include the time inversion operation and ^{gi)^* {32) = r(ffi52) if element 
gi does include the time inversion. The matrices of transformation of the order parameters (p|)-(|l2|) by the symmetry 
operations of the group 1)2(^1) = (i?, C|, i?Cf , i?C2 ) are just numbers (characters). As usual for one-dimensional 
representations they are equal ±1. For the state Ai (^ which is a conventional superconducting state obeying the 
complete point-magnetric symmetry of initial normal state they are (1,1,1,1). For the order parameter A2 (^0|) they 
are (1,1,— 1,-1) where —1 corresponds to the elements of the superconducting symmetry class (^ containing the 
phase factor e". The same is true for the table of characters of the other states. So all the corepresentations in the 
present case are real, however their difference from the usual representations manifests itself in the relationship of 
equivalence. _ 

The two corepresentations of the group M are called equivalentli3 if their matrices T{g) and F'(g) are transformed to 
each other by means of the unitary matrix U as T'(g) = U~^T(g)U if the element g does not include the time inversion 
and as T'{g) = U~^r{g)U* if the element g includes the time inversion. The corepresentations for the pair of states 
Ai and A2 are equivalent . In view of one-dimensional character of these corepresentations the matrix of the unitary 
transformation is simply given by the number U = i. The states Ai and A2 belong to the same corepresentation and 
represent two particular forms of the same superconducting state. It will be shown below that if we have state Ai 
in the ferromagnet domains with the magnetization directed up the superconducting state in the domains with down 
direction of the magnetization corresponds to the superconducting state A2 . The same is true for the pair of states 
Bi and -82- 

The critical temperatures of the phase transition from a ferromagnetic normal state to the superconducting states 
relating to the nonequivalent corepresentations are in general different. The latter is garanteed by the property of the 
orthogonality of the order parameters relating to the nonequivalent corepresentations: 



The critical temperatures of equivalent states Ai and A2 in the ferromagnetic domains with the opposite orientations 
of magnetization are equal (see below). 



All the listed above superconducting phases are in principle nonunitary and obey the Cooper pair spin momentum 



(*'^*(k)*^(k)) =0. 



(13) 



B. Stimulation of superconductivity by ferromagnetism 



(14) 



where /± = /x i ify and Cooper pair angular momentum 




(15) 
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The spontaneous Cooper pair magnetic moment as it is clear from is proportional to the difference in the density of 
populations of pairs with spin up and spin down. In superfluid He-3 in the Ai-state, only Cooper pairs with spin down 
are present. Their magnetic moments interact with external field giving rise to an increase of the critical temperature 
of the phase transition to the superfluid state. In the ferromagnetic metals with strong spin-orbital coupling there 
are the Cooper pairs with any projection of the total spin. However the dependence of the critical temperature of 
the superconducting phase transition from the ferromagnet magnetization also exists. On the microscopic level this 
dependence originates from the difference of the pairing interaction and the density of states on the Fermi surfaces for 
the particles with opposite spin projections (see below). Here one needs to note that as usual the word "spin" means 
in fact "pseudospin" and it is used to denote Kramers double degeneracy of electron states in a metal with spin-orbital 
coupling. 

On the phenomcnological level the shift of the critical temperature can be described by the following term in the 
Landau free energy expansion 

-A^o/(^)hP, (16) 

where Nq is the electron density of states on the Fermi surface, /is is the Bohr magneton, the function f(x) '--^ x at 
small values of its argument. The magnetic field 

H = Hex + Jiext (17) 

consists of the exchange field Hea; and the external magnetic field Hext- Let us stress a very important difference 
between these fields. Hex is frozen into the crystal. It is transformed with any operation of the point symmetry 
group and completely invariant under magnetic symmetry class I?2(C'2^) trasformations. Hext does not relate to these 
transformations, but as any magnetic field, changes the sign under time inversion. 

The exchange field acting on the electron spins stimulates the nonunitary superconducting state. The resulting 
enhancement of the critical temperature can be estimated as 

Tc{Hex) '^Tc ^ fJ-sHex ^^^-^ 

Tc ep 

The exchange field determines the relative shift of the Fermi surfaces for the spin up and spin down quasiparticules. 
One can estimate the value of this field for UGe2 by its Curie temperature. Taking into acGount that at temperatures 
lower than w 2QK the phase transition into ferromagnet state starts to be of first ordertS one can say that Hex- is 
lying in the interval ~ (20T, 40r) in the whole interval of the pressures where superconductivity exists. 

Unlike in He-3, in ferromagnetic superconductors the magnetic field acts through the electron charges on the orbital 
electron motion to suppress the superconducting state. The reduction of the critical temperature due to the orbital 
effect is 

Te ^ 2^ • ^'^^ 

The electromagnetic field Hem acting on the electron charges is determined by the modulus of the sum of the vectors 
of the external magnetic field and the dipole field of its own ferromagnet magnetic moment. The latter is much smaller 
than Hex- In the absence of the external field one caiuestimate the value of the Hem by the value of the magnetic 
moment density which in U Ge2 is of the order of IkGon. 



The estimations (18) and (|19|) shows that the stimulation of a nonunitary superconductivity by ferromagnetism 
takes place at 

el 



^^em c 

The interplay between the effects of the stimulation and the suppression of the critical temperature in ferromagnetic 
superconductors determines the phase diagrams of these materialsETQ. 
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One can find the confirmatioa of these qualitative estimates from the equation for the critical temperature of the 
superconducting phase transiorJj written [] for one of superconducting state (H)- in frame of some particular model 
of pairing: 

A„^(R,r) - -T^ J dry^„,AM(r,r')G^^(r)G"it(r)exp(zrD(R))A^,(R,r), (21) 



where 



A„/3(R,r) =d(R,f)g„/; 



^/a,A^(f,r') = -|(*i^(r)g^„)(*r*(r')gi^), (22) 

gQ/3- = i{<^'^y)af)i CT — {o'x, <7y, <7z) Stve the Pauli matrices. The functions 

*r(f) = icglir) + ygliv) + igUi) (23) 
are related to the particular corepresentation and in its particular form (|9|)-(|T^). For instanse for Ai case it is 

= MrxV^' + iryv^') + yiryvi' +ifxvt')+HrzV^' +ifxfyf,v^'), (24) 
where v^,. . . are real functions of f^^fyjf^. The normal metal electron Green functions are diagonal 2x2 matrices 

^'"^"■^ = / 'Sf^'^"'^^^'^ ~ + 2g{p)f,B<7M-,^. (25) 

It is convenient to work with them by introducing the following notations 

Guir) - i[(GL(r) + Gi{r))ao + (GL(r) - Gi(r))cT.]. 



Using the general form of self-consistency equation (21) one can easily obtain the following system of equations 



(5:(f)/_(r))r;(R) = (.g^ (f ).g_ (f ))Lr;(R), (26) 
(5:(f)/.(r))7y(R) = {g;{r)g^{r))L^{R), (27) 

(5;(r)/+(r))77(R) = (g;(f)g+(f))Lr;(R), (28) 

where the combinations g± — g^ igy, gz and f± = ± ify, fz correspond to the pairing interaction and the 
order parameter amplitudes with spins up-up, down-down and zero projection of the pair spin on the z-direction. The 
angular brackets denote the averaging over the directions of unit vector f and the integral operator in the right hand 
side is 

Xr?(R) = ^VTJ2 j rfr[5l(f)/_(f)Gi(r)GT_(r) + .g:(f)/,(f)(GL(r)Gijr) + Gi(r)Gljr)) 

+ g;(f)/+(f)Gi(r)Gi^(r)] cxp(^rD(R))77(R). (29) 



^For simplicity we will not usft the comlete form of the equation for the order parameter taking into account the effect of 
spontaneous orbital magnetismtJ. 
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One must to add to this equation the normahzation condition (^) 

(i(/;(f)/+(f) + /l(f)/-(f)) + /:.(f)/.(r)) = 1. (30) 
After finding of the eigen function ?]( i?) of the operator L one must find the critical temperature from the condition of 



zero value of the determinant of the linear system of equations (26)-(^8|) for the amplitudes {g* f)- It is worth noting 
that, for the interaction in the form of Ai state, the order parameter can be chosen correspondingly as belonging to 
one of Ai or A2 states. As a result all the amplitudes (5*/) will be correspondingly real or imaginary and we deal 
with the system of equations of the third order. The same is correct for the B type corepresentation. 

Then the appearence of the linear shift of the critical temperature due to exchange field ( [l8| ) follows trivially from 
the linear shifts of the amplitudes 

(5l5->-(5l5-)(i?e. = 0)~-''^^^^ 



£f 



J dr{GlGl^ - Gl{H,., = 0)GljH,, = 0)) ^ 
J dr{Gi,Gi^ - Gi(ile. = 0)Gi^(iJe. = 0)) 



£F 



£F 



To demonstrate the validity of two latter relationships it is enough to look at the expression_£or electron Green function 
in a normal metal with isotropic spectrum <^(p) — ^ and isotropic g-factor ^(p) — 1/2 (seeliZi): 

Gti'^) = exp (ip^rsignuj - ^ ) , (31) 

For V < / 

here [2m{eF ~ XiisHex)]^^^ , 

Po — Poi^ex ~ 0) is the Fermi momentum, A =t, J, or +1, —1, Vq — Pq/tii, is the Fermi velocity on the corresponding 
sheet of the Fermi surface, vq = po/m, NQmpQ/2Tr'^ is the density of states on the one spin projection. 



As for the second term in the right hand side of the equation (29) due to the difference in the Fermi momenta with 
spin up and spin down it contains the fast oscillating products of two Green functions and starts to be negligibly small. 
The smallness of this term however does not result in the disappearence of the amplitude fz of the Cooper pair state 
with zero projection of spin becouse all three amplitudes f^^f^, fz obey coupled linear equations (p6|)-(p8|). This fact 
is the direct consequence of the strong spin-orbital coupling. Unlike this, in the super&iid He-3, all three amplitudes 
f+T f-i fz obey independent equations characterized by different critical temperatureslill such that the amplitudes /+ 
and fz are equal to zero at the critical temperature where the amplitude /_ appears. 



Generally speaking the second term in the (g9|) promotes the appearance of the oscillating solution 

^7(R)=77(a:,y)e*^^ (32) 

On the other hand the first and the third terms in the equation ( p9| ) make these oscillations nonprofitable (oscillations in 
the order parameter decrease the critical temperature) . In superconductorsjvith s-pairing the appearence of a solution 
with nonvanishing Q or so called Fulde-Ferrell-Larkiiii-Ovchinnikov statellao is possible for large enough values of H°^'' 



c2 



in comparison with the paramagnetic limiting fieldE2l. In superconductors with triplet pairing when Hex S> H°2^ one 
would not expect the appearance of FFLO state. This question however demands a special investigation in the frame 
of some particular model of pairing interaction. 
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C. Domain structures 

Let us assume now that we have interactions (|2^)-(|2^) in the form corresponding to Ai and A2 states such that the 
corresponding functions Vi^i and Vi^2 are equal. Let us fixe the solutions of the two corresponding sets of equations 
(|6|)-(g8|) as relating to Ai and A2 states. Such a pair of states possess equal and opposite direction Cooper pair 
magnetic moments. It is easy to see that the following equalities are obeyed 

Hence, if the state Ai is the solution of the system of equations (p6|)-(p8|) with critical temperature Tc, the state A2 
is also the solution of the system (|2^)-(|2^ with opposite direction of the Hex and the same critical temperature. This 
means, if the pairing interaction in the ferromagnet with up direction of Hex corresponds to the pure Ai state, the 
superconducting states in ferromagnetic domains with opposite orientation of magnetization will be A2 . One can say 
that this is the consequence of the above mentioned property of conjugacy between the states Ai and A2. The same 
is true for another pair of conjugate states Bi and B2. 

The ferromagnet domain structure with alternating up-down direction of the magnetization is always accompanied 
by the superconducting domain structure with alternating properties of the complex conjugacy of the order parameter 
and alternating up-down direction of the Cooper pair magnetic moment. The superconducting order parameter 
distribution in the vicinity of the domain wall between of two adjacent domains demands special investigation. 

It is quite natural that the Abrikosov vortices having in the ^i-state some fixed direction of the current and flux 
will have opposite orientations of the current and flux in the adjacent ferromagnet domain with the opposite direction 
of magnetization. 

III. SUPERCONDUCTIVITY IN FERROMAGNET METALS WITH CUBIC SYMMETRY 

Symmetric orientations of magnetic moments in cubic crystals along the symmetry axes of the fourth or of the third 
order give rise to a decreasing of the initial cubic symmetry of the normal state to the magnetic, classes 04(04) = 
{E, C4, C2,Cl,RUx, RUy, RU', RU", ) and D^iC^) = {E, C3, C|, RUi,RU2, RU3) correspondinglylia. Let as look first 
at the tetragonal magnetic class. 

A. Tetragonal magnetic class 1)4 (C4) 

As before we construct first the groups being isomorphic to the initial magnetic group 04(04) by means of combining 
its elements with and e^*'^/^ phase factors from the group of the gauge transformations U{1). The explicit form 



of these superconducting magnetic classes are 

04(04) = (E, O4, O2, Of, RUx, RUy, RU', RU"), (33) 

04(04) = (E, O4, O2, Ol e'^RUx, e'^'RUy, e'^'RU', e'^'RU"), (34) 

04(02) = (E, e"C4, O2, e'^'Ol RUx, RUy, e'^'RU', e'^'RU"), (35) 

D4(0'2) = (E, e'''04, C2, e^'^C'l, e'^'RUx, e'''RUy,RU', RU"), (36) 

04(E) = (E, e"l'^04, e"02,e'"l'^0l, e'^'RUx, RUy, e^'^^'^RU', e'^^'^RU"), (37) 



^As it has been mentioned above one can discuss also another pair of solutions relating correspondingly to A2 and A\_ states. 
This choice does not change the conclusions of this subsection. 
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Di{E) = {E, e3^'^/2^4, e"C2, e^/^C], e"i?C/^, RUy, e'^'^'^RU', e^'''' RU"). (38) 
The order parameters of the superconducting states corresponding to these classes are 

'^^^ (k) — x{kxuf^ — ikyU2^) + y{kyuf^ + ikxU2^) + z{kzuf^ + ik^kykzik^ — ky)u^'-), (39) 

■9^^k) = x(ifc,uf^ - kyu^') + y{ikyu^' + k,u^') + z{ikzu^' + k,kykz{kl - kl)uf'), (40) 

^'''{k)=^k,uf' +ikyu^')+y{-kyuf' +ik,u^') + i{kz{kl-kl)u^' +lk^kykzU^'), (41) 

'i'^^ik) = ^ik.uf' + kyu^') + yi^ikyuf' + k,u^') + i{ikz{kl ^ kl)u!^' + k^kykzu"^^^^ (42) 

*^+(k) = (fc, + iA:j,)[zuf+ + ikzik^y - kyx)u2^^] + {x + iy)[kzU3^+ + ik,kykz{kl - fc^)M4^+], (43) 

*^-(k) = [k^ - iky)\zul- +ikz{k^y ~ kyx)u2^-] + {x ~ iy)[kzU3^- + ik^kyk^ikj - kl)u4^-], (44) 

where . . . are real functions of k^ + ky,k^. 

As for the orthorombic case the states Ai, A2 and Bi, B2 represent the pairs of equivalent corepresentations. 
Another two superconducting states and i?_ are related to nonequivalent corepresentations. In total there are 
four different superconducting states. The states A and E± have no symmetry zeros in the quasiparticle spectra. 
Only the states of B type have symmetry points of zeros lying on the nothern and southern poles of the Fermi surface 



kx = ky =0. This is easy to see directly from the expressions (|39|)-(|44[). 

Again in alternating ferromagnet domains with opposite directions of the magnetization there is alternating sequence 
of Ai and A2, or Bi and B2, or i?+ and i?_states. As for the latter pair of states one can check this statement directly 
from the system of equations (|2^)-([2^). 

B. Trigonal magnetic class 03(03) 

The groups being isomorphic to to the initial magnetic group -03(6*3) are constructed by the combinations of its 
elements with elements e" and e^^'''^/^ of the gauge group U{1). That yields the superconducting magnetic classes of 
symmetry 

DsiCs) = (E, C3, Cs^RU, RU2, RU3), (45) 

DsiCs) = (i;,C3,C32,e"i?C/i,e"i?C/2,e^"iZC/3), (46) 

DsiE) = (E, e2"/3C3, e-'^'^'/^Cs^, RU, e^^^'^/^^C/z, e^'^'/^RUa), (47) 

D3{E) = {E, e-2"/3C3, e2*'^/3C3^ RU, e^'''/^RU2, e-'^'^'^^RUs), (48) 
where the elements Ui,U2, U3 are the rotations on the angle tt around axes 

^i=x, 02 = ^(-x + \/3y), 03 = ^(-x- \/3y). 
The corresponding order parameters are 

(k) = ^(fc,y - kyi)uf' + kziu2^' + [kyf - fc,x)u3^i (49) 
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(50) 



Vl/^+ (k) - (01 + e2-/3c/)2 + e"2-/3^3)[,^^^+ + fc^(^^y _ fc^y)u2^+] + (51) 

M/^- (k) = (01 + 6-2-/302 + 6^-/303) [zzuf- + A:,(fc,y - fc^y)u2^-] + (52) 

( 01 + e-2-/3^2 + e2-/303)[zA;,U3^- + 010203^4''-], 

where 

01 = k.j;, 02 = ^{~kx + VSky), 03 = ^(-fcx - VSfcj;) 

and uf'^ , . . . are the real functions invariant under the transformations group. 

As before the Ai and A2 states correspond to the equivalent corepresentations. The states E± are related to 
nonequivalent representations. 

None of these states have the symmetry nodes in the quasiparticle spectra. 



IV. CONCLUSION 



The symmetry classifications of the superconducting states with triplet pairing in the orthorombic and cubic ferro- 
magnet crystals with strong spin-orbital coupling is presented. It is found that unlike the case of weak spin-orbital 
interaction where-the nonunitary magnetic superconducting states are possible only in the case of multicomponent 
superconductivitju any superconducting state in the ferromagnet metals with strong spin-orbital coupling is in general 
nonunitary. 

The ferromagnetism stimulates in general the triplet superconductivity even with a one-component order parameter. 
The mechanism of this stimulation is due to the difference of the pairing interaction and the density of states for 
electrons with opposite directions of spin of degree of ferromagnet Fermi-liquid polarization. However the competitive 
mechanism supressing superconductivity due to the orbital diamagnetic currents is always presents. The interplay 
between these two interactions determines the superconducting phase diagram in the metallic ferromagnet materials. 

The presence of the ferromagnet domain structure in the superconducting state is always accompanied by the 
corresponding superconducting domain structure of the complex conjugate states. The adjacent domains contain the 
quantized vortices with opposite directions of currents and fluxes. 
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